Banana Germplasm Collection serves as a source of useful genes for banana breeding. However, insufficient and/or inaccurate information on the ploidy level of the germplasm renders its utilization in breeding difficult. The objective of this study was to determine and validate the ploidy level of 120 banana accessions in the ex situ germplasm collection centre for the East and Central Africa, located in Mbarara, Uganda. Flow cytometric analysis of the nuclear DNA content was used to determine the ploidy level of the accessions. Results indicate that accessions: Bura, Diana, Kambani-Rungwe, Paji and Pagatau, and Rungwe that were previously classified as diploids are actually triploids, whereas Selangor previously known to be a diploid is a tetraploid. Accessions such as Galeo, Mwitupemba and Ntindi 1 that were previously classified as triploids were found diploids. GT, FHIA 25 and Muzungu Mwekundu that were considered as tetraploids, were found triploids. The information generated will guide correct placement of these accessions in the regional germplasm collection centre for the East and Central Africa and their utilization in banana breeding.
INTRODUCTION
The regional ex situ Banana Germplasm Collection (BGC) Centre for the East and Central Africa (ECA), located in Mbarara district, Uganda, was established in 1998 to serve as the banana reference collection for the The BGC is managed and maintained by Bioversity International in collaboration with NARO on behalf of BARNESA. Its main goal was to conserve maximum banana diversity from the East African region and to provide genes of desired traits for the banana genetic improvement activities initiated by Bioversity International in early 2009 (Bioversity International, 2010 . Since 2009, the BGC in Mbarara has been enriched through collecting and planting new and unique accessions from both the East African region and International banana research Institutes. In addition, since its re-establishment, the collection has acquired 120 accessions, both local and exotic, with most of the accessions being landraces. Priority for acquisition of new accessions was given to the areas in the region that were not well represented in the BGC in Mbarara (Karamura et al., 2013) . After acquisition, the accessions are evaluated for traits of interest such as resistance to pests, diseases, environmental stresses and agronomic attributes. The results of evaluation are thereafter forwarded to breeders for subsequent utilization in the banana breeding programs. Accessions from the collection are also disseminated to different stakeholders, especially students and researchers in the region, particularly to provide a platform for support to people interested in gaining knowledge of identification and description of banana.
A number of ploidy levels exist in Musa spp. . Knowledge of ploidy level in Musa accessions is vital for breeding, conservation and tissue culture as they are affected by ploidy (Suman et al., 2012) . Accurate determination of ploidy of germplasm has practical implications for breeding a perennial crop like banana that has got a long generation time and extensive land requirements (Pillay et al., 2006) . Ploidy level influences fertility of banana. For instance, most triploids are sterile while diploids and tetraploids are fertile . Depending on ploidy information, breeders are able to decide on the materials to evaluate for banana variety development. Banana breeding usually involves the transfer of useful genes from diploids to triploids by carrying out 3x by 2x crosses. Such a cross can generate a variety of progeny with ploidy levels ranging from diploid, triploid, tetraploid, aneuploidy and hyperploid progeny (Pillay et al., 2002) . It is important that the ploidy of banana accessions be verified prior to using them for breeding.
Whereas, the ploidy level of most accessions in the regional ex situ BGC in Mbarara was reported (Karamura et al., 2016) , the results were not exhaustive. Accessions in this collection are planted in three separate blocks based on three ploidy levels (2x, 3x and 4x). The first block of the collection is planted with diploids, the second; with triploids (excluding the East African Highland bananas and tetraploids, and the third with triploid East African Highland bananas, which are the major local cultivars in the East African region.
Ploidy level of the accessions that were added to the BGC since 2010 collection missions was determined from accessions" morphological appearance. Studies have however revealed that ploidy level of banana determined primarily by morphological characteristics may not be reliable (Pillay et al., 2003 (Pillay et al., , 2006 . Banana ploidy level is determined by other several methods, of which flow cytometry has been found user-friendly, faster and reproducible for screening a large number of accessions (Takayama et al., 2011) . In addition to chromosome counting, which is slow and labour intensive, there are other indirect methods such as estimation of stomata size and density, which are not accurate (Vandenhout et al., 1995; Dolezel et al., 1998) . The present study assessed the ploidy level of additional 120 accessions in the collection using the flow cytometry method. This was done to verify the ploidy level of these accessions in order to guide their placement in the correct blocks at the collection centre, as well as to provide accurate ploidy information of these 120 banana accessions to breeders.
MATERIALS AND METHODS

Plant material
Fresh midrib tissue samples of approximately 100 mg from cigar leaves of 120 accessions were collected from the ex situ BGC in Mbarara. These samples were individually chopped using a sharp razor blade in a disposable Petri dish containing 0.5 ml of cold OTTO I buffer (0.1 M citric acid monohydrate and 0.5% Tween 20) to form a homogenate. An additional 0.5 ml of cold OTTO I was added to the homogenate and mixed thoroughly. The homogenate was filtered through a nylon filter of 50 μm pore size into a polystyrene tube. The samples were incubated for 1-5 min with occasional shaking. Prior to analysis, 2 ml of OTTO II (0.4 M anhydrous disodium phosphate, 4 μg/ml (2 mg/500ml) of 4,6-diamidino-2-phenylindole (DAPI) and 1 μl/ml of β-mercaptoethanol) were added to each sample. This is the staining solution that allows measurement of fluorescence due to the presence of DAPI.
Flow cytometric analysis
Relative fluorescence intensity of stained nuclei was analysed using a Partec Ploidy Analyser (Partec GmbH, MÜnster, Germany) with a mercury arc lamp. The distribution of fluorescence intensities (relative DNA content) obtained after flow cytometric analyses are usually given as channel numbers (arbitrary units). For ploidy screening, the instrument was calibrated using "Calcutta 4" as a reference (standard) diploid (2x) with its peak set at channel 50. TMB4x660K-1 on the other hand was used as the reference tetraploid (4x) with its peak set at channel 100, while Enyeru, an EAHB was used as a reference triploid (3x) with its peak set at channel 75. The peaks of the unknown samples were determined by examining the position of their peaks relative to the reference accessions. All the samples with peaks at channel 50±5 were considered diploids, while those at channel 75±5 were triploids and those at channel 100±5 were tetraploids.
RESULTS AND DISCUSSION
The coefficients of variation for the samples analysed were less than 10% (Table 1) , indicating the quality of preparation of samples and reliability of the results. Ploidy levels of the 120 accessions analyzed are shown in Table 1 . Most of the accessions were triploids (83%), followed by diploids (16%) and tetraploids (1%). Following these results, accessions were reallocated to their respective correct blocks at the regional germplasm collection centre as shown in Table 2 . It is interesting to note that Selangor (Musa acuminata) previously reported as a diploid (Pillay et al., 2006; de Jesus et al., 2013) , displayed tetraploid nuclei in the present study (Figure 1 ).
The inter-study result differences could be ascribed to the presence of different cytotypes in banana. Possibly chromosome counting from a large number of accessions from a wide geographical range is necessary to determine the existence of cytotypes in Selangor. Changes in ploidy levels in bananas may occur when plants are maintained under in vitro conditions (Dolezelova et al., 2005) .
Banana taxonomists have always assigned Histogram showing Selangor as a tetraploid with its peak at channel 100 and Calcutta 4, a diploid (control genotype) with its peak set channel at 50.
ploidy levels to different accessions on the basis of morphological traits such as leaf orientation, and on the basis of physiological, cellular and biochemical aspects (Mustafa, 2013) . Polyploids such as bananas are often apparent by their distinct and robust morphology (Briggs and Walters, 1984 (Vandenhout et al., 1995) or measurement of pollen grain sizes were reported (Tenkouano et al., 1998) . While these methods depend on statistical analysis to determine ploidy, they are not accurate because the measured parameters are greatly influenced by changes in the growth environment (Xu and Zhuo, 2008) . Therefore, chromosome counting remains the only accurate method of ploidy level determination in banana. However, the method requires cell synchronization to metaphase stage for easy visualization of chromosomes. The technique is not routinely used because it is labour intensive and obscure by the low quality of squash slide preparations (Dolezel et al., 1998) . The ploidy of plants with large chromosomes can easily be determined by chromosome counting but bananas present a challenge due to its small chromosomes which are always hard to spread out during squash preparations (Dolezel et al., 1998; Pillay and Tenkouano, 2011) . Flow cytometry is a user-friendly technique, considering the fact that it is faster and reproducible for screening large number of accessions.
With the flow cytometry ploidy analysis methods, the banana ploidy level is determined by measuring the cell nuclear DNA content and subsequently comparing the relative position of the sample peak to that of the reference accession. With this approach, synchronization of cells is not required. Cells in G 1 and G 2 phases can be differentiated easily including aneuploids. The amount of fluorescence given off by the cell nucleus is directly proportional to the DNA content, which in turn positively correlates with the number of chromosomes. Therefore, increase in ploidy level is perceived as a shift in peak position to the right. This method together with chromosome counting was used to confirm chromosome number of Sukali ndizi, which for a long time was reported as diploid AB instead of triploid AAB (Pillay et al., 2003) . Unfortunately, plant cytogenetic does not appear to be the forte of many researchers since the advent of molecular biology, yet it is key in answering basic questions for breeders. Misallocation of ploidy levels to different accessions remains a challenge in banana germplasm collections, which calls for deliberate efforts to embrace cytogenetic tools.
Using flow cytometry, previous studies have shown inconsistencies in ploidy levels of banana accessions whose ploidy was determined based entirely on morphological traits (de Jesus et al., 2013; Dolezel et al., 1994; Irish et al., 2009; Pillay et al., 2006; Nsabimana and van Staden, 2006) . Knowledge of the ploidy of bananas is valuable for banana breeding schemes as it involves interploidy crosses leading to several possible ploidy levels in the progeny. Flow cytometry provides a rapid way of determining ploidy levels in this crop.
